Abstract. The influence of the initial surface condition on the intensity of porous structure formation in a metallic material during laser action has been determined. Two groups of samples were studied: Cu-Zn alloy with and without the oxide layer. Surface morphology of the samples has been researched using electron microscopy. The centre area of laser treatment zone on the surface of the samples is heated up to ≥500ºC not less than 180 s. At that, a porous structure with an irregular distribution of pores on the surface appears. Removing the oxide film by mechanical treatment leads to significant improvement of conditions of pore formation on the surface of the metal samples in the case of laser treatment. Consequently, a structure with a uniform pore distribution appears. After that, the temperature in the centre of the heat-affected zone increases to 500ºC for 12-20 s. This leads to a significant increase of pore formation intensity. In the case of using the obtained material as a catalyst, an increase of its specific surface area allows for the improvement of conditions for hetero-phase chemical and catalytic reactions, which increases the productivity of the catalytic actions.
Introduction
Metallic materials with high specific surface area have a number of unique physical properties that define the main areas of their application in the production of chemical species with the use of catalysts. However, existing methods and technologies of synthesising such metallic materials have significant restrictions and manufactured samples are relatively expensive and have worst mechanical properties. Conditions for the formation of porous structures with a high specific area for metallic material catalysts via laser action have been determined in works [1] [2] [3] . Experimental research on defin-ing the distinctions between structure formation in solid-crystalline materials, such as a two-component solid solution, have been conducted [4] [5] [6] . One of the components is characterized by a higher vapour tension. It has been established that, in case of pulseperiodical radiation, the intensification of pore formation, as well as their shape and dimensions, are conditioned by heating-rate modes. These modes are defined by the value and distribution of power density in a heat-affected zone, duration of treatment, and laser pulse frequency. Investigation of the samples surfaces showed that formation of the pores (both simple and which form branched channels) is more intensive in near-surface layer. It has been defined in printed works [7] [8] [9] [10] that the main mechanism of this structure formation is the well-known mechanism of sublimation of an alloy's component with higher vapour tension. Concentration gradient is set up in a material and further this component sublimates with the surface to the extent to which it's diffusion to the surface is provided. In order to provide task-oriented adjustment of power density distribution of acting laser radiation, such elements of diffractive computer optics as radiation focusers are used [11] [12] [13] [14] . The aim of this work is to define an influence of initial surface condition on intensity of porous structure formation in metallic materials under laser action.
Results of experimental research
For conducting research a ROFIN DC 010 CO 2 slab-laser has been used. Its wavelength is 10.6 µm, pulse repetition frequency range is 2-5000 Hz, and range of output power is 100-1000 W. Laser radiation has been formed via an optical system based on a diffractive optical element. Laser action has been carried out under the following conditions: laser power was 330W, pulse repetition frequency was 3 Hz, and diameter of laser spot on the samples' surfaces was 16 mm. In order to measure the surface temperature of the samples, made of Cu-Zn alloy brass L62 with a 60.5-63.5 % content of copper, a FLIR SC7300 thermo vision camera has been used. It is capable of measuring temperature in the range of 5-1500ºC. The camera is coupled with InSb detector with an IR wavelength detection range of 1.5-5.1 µm. Samples, with dimensions of 25×35 mm and thickness of 50 µm prepared in two ways have been researched: 1) samples with a thin oxide film and 2) samples that have had the oxide layer removed by mechanical treatment. Morphology of the Cu-Zn alloy sample surfaces has been researched by electron microscopy, with the use of a Phillips 525 scanning electron microscope with an accelerating voltage of 25 kV. The Phillips 525 scanning electron microscope is intended for topographic and phase analysis of the surfaces of metallic and non-metallic materials and semi-quantitative elemental analysis. Its parameters were set as follows: voltage range for acceleration of the electron beam was 3-30 kV; resolution was up to 10 nm; minimum 20 times magnification. In contrast with an optical microscope, a scanning electron microscope has higher depth of focus and it makes research of metal surfaces with relief, as well as porous, structures possible. The centre area of the laser action zone on the surfaces of samples with a thin oxide film was heated up to≥500ºC not less than 180 s. Fig.1 show the temperature-time relationship for the centre point of the sample being processed with the laser. Fig.2 shows the distribution of the temperature along a sample during 185 s. After the sam-Information Technology and Nanotechnology (ITNT-2016) 85
ple had been processed a porous structure with an irregular distribution of pores appeared on the surface (Fig.3) . Thermal-affected zone of the samples with thin oxide film is characterized by areas, where specific surface area is significantly decreased. Removing of oxide film by mechanical treatment allows to improve conditions for the pores formation on the samples surface via laser action. At that, heating of the heataffected zone center up to 500ºС occurs for 12-20 sec and it leads to significant increase of the pores formation intensity. As a result, porous structure with regular distribution of pores on the surface appears (Fig.4) . The prospects of Cu-based alloys with a high specific surface area for applications such as catalysts are viable. The catalytic properties of Cu can be used for the synthesis of aldehydes and ketones from primary and secondary alcohols by oxidation and oxidative dehydrogenation methods. Usually, the activity of a catalyst in heterogeneous catalysis is proportional to its specific surface area. For obtained porous materials the surface area, which reacts with chemical reaction reagents, must significantly exceed the surface area of a continuous solid material. At that, specific surface area achieves 10 3 m 2 /g. In the case of nanoporous materials' applications as catalysts, their capabilities of the activity increase is not limited to an increase of specific surface area. In this case, atoms on the surface and in the near-surface layer with high surface curvature affect the material properties, as well as the properties of the atoms and molecules adsorbed by pores from the environment.
Conclusion
Two groups of samples were studied: Cu-Zn alloy with and without the oxide layer. Samples with an oxide layer heated to 500ºC not less than 180 s showed a significantly decreased rate of pore formation as compared to non-oxide samples. The porous structure of these samples with oxide films are characterized by irregular pores distributions on the surfaces and by presence of areas, where specific surface area is significantly decreased. By removing the oxide film by mechanical treatment leads to a significant improvement of the conditions for pore formation via laser action. Heating the centre of the heat-affected zone to up to 500ºС occurs for 12-20 s. As a result of this, porous structure with a regular distribution of pores appears on the surface. An increase of their specific surface are allows for the improvement of conditions for heterophase chemical and catalytic reactions, leading to an increase of catalyst efficiency.
